###### Strengths and limitations of this study

-   Obesity and its complications are prevalent in the United Arab Emirates (UAE), and this study determined the sex-specific and age-specific thresholds for abdominal adipose tissue areas.

-   Study data were obtained through retrospective chart review and included body mass index, metabolic profiles (fasting plasma glucose, lipid profile, blood pressures), and abdominal adipose tissue areas quantified through CT.

-   The study characterised the optimal threshold of visceral adipose tissue stores that correspond to metabolic complications related to obesity in a UAE population and compared these findings to those of previous studies examining other populations.

-   More than half of the women had subcutaneous adipose tissue (SAT) areas greater than the CT imaging field, and if we include only women with appropriate regions of interest in the analysis, our results do not represent women with increased SAT.

-   Due to the cross-sectional retrospective nature of this study, we did not have data on waist circumference or detailed personal histories, which may have resulted in overestimation of metabolic syndrome.

Introduction {#s1}
============

Visceral fat is an active organ used for energy storage and adipocyte metabolism. Visceral fat stores are closely related to obesity complications such as diabetes and fatty liver.[@R1] Positive energy balance that ultimately results in obesity initially drives excess free fatty acids to subcutaneous adipose tissues (SAT). Once SAT storage capacity is reached or impaired, fat accumulates in areas outside the subcutaneous compartment, including the visceral adipose tissue (VAT).[@R2] VAT could be considered as a marker of ectopic fat retained throughout the viscera, including the liver, heart, skeletal muscles and the vasculature.[@R3]

A critical VAT threshold has been proposed to correspond to the mass of VAT that results in the occurrence of metabolic abnormalities. This critical threshold was thought to have both individual and ethnic variability.[@R4] Differences in adipose tissue distribution and characteristics have been studied in various ethnic populations.[@R5] However, it is not yet known whether the critical VAT thresholds are also valid in populations with a high prevalence of metabolic diseases. The United Arab Emirates (UAE) has been shown to be a country with one of the fastest growing rates of obesity and obesity-related morbidity. Obesity prevalence in the UAE has been on the rise over the past decade and a recent study reported an overall incidence rate of 20%.[@R11] This trend has been directly associated with the rapid increase in diabetes prevalence[@R12] as well as resulting in ischaemic heart disease becoming the leading cause of death in the UAE.[@R13]

We hypothesised that the threshold amount of VAT resulting in metabolic complications in people living in the UAE may be similar to that reported in previously published studies that assessed these values in individuals of different ethnic backgrounds. The aim of the study was to find the appropriate age-specific and sex-specific VAT thresholds capable of predicting metabolic complications among adults in the UAE who visited a specific hospital.

Subjects and methods {#s2}
====================

Study subjects {#s2-1}
--------------

This retrospective, cross-sectional, observational study screened a total of 4177 adults aged between 20 years and 80 years who visited Sheikh Khalifa Specialty Hospital in the UAE and underwent abdominal CT scans and laboratory tests for metabolic complications starting from January 2016 through December 2017. The requirement for informed consent was waived due to the retrospective nature of the analyses. Abdominal CT scans were retrieved from the hospital's picture archiving and communication systems. Medical records and radiologist reports accompanying each scan were retrospectively reviewed.

Among the patients that were screened for inclusion and who underwent abdominal CT scans, subjects were excluded if they did not have laboratory tests to confirm metabolic abnormalities (N=2115), had intra-abdominal abnormalities affecting fat distribution or metabolic complications, including abdominal injury (N=48) or surgery (N=17) at the time of study enrolment, had any previous history of bariatric surgery (N=16), were diagnosed with a myocardial infarct at the time of study enrolment (N=4), were diagnosed with malignant neoplasms within the past 5 years (N=534) or were women within 1 month of the postpartum period (N=1). Subjects who performed more than two CT examinations were included only once, based on the time of first examination. Subjects with abdominal adipose areas greater than the field of view were included and are also described separately in the [online supplementary tables and figures](#SP1 SP2){ref-type="supplementary-material"}.
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Patients from the UAE and those from neighbouring Arab countries, including Egypt, Syria, Israel, Lebanon, Jordan, Iran, Turkey, Iraq, Saudi Arabia, Kuwait, Bahrain, Yemen, Oman and Qatar, were included in the final study population. Patients with nationalities from Southeast Asia, East Asia, Europe or Africa except Egypt were excluded from the study (N=39).

Measurement of intra-abdominal adipose tissue {#s2-2}
---------------------------------------------

Adipose tissue areas were measured for each subject using a CT scanner (Ingenuity 128, Philips Healthcare, Eindhoven, the Netherlands) at the umbilicus level. The cross-sectional area (cm^2^) of abdominal fat was calculated using Xelis 3D software (INFINITT Healthcare Co, Seoul, Korea) with attenuation values for the region of interest ranging between −250 HU and −50 HU using the histogram method. The technique used for adipose tissue area measurements in cross-sectional CT images has been previously standardised and validated.[@R14] Two areas were obtained by drawing the outer and inner lines of the abdomen and back muscles. The VAT area was defined as intraperitoneal fat bound by parietal peritoneum or transversalis fascia, and the SAT area was defined as fat areas external to the abdomen and back muscles. Visceral-to-subcutaneous fat ratios (VSRs) were calculated from the obtained data. All measurements were individually performed by one researcher with more than 10 years of experience.

Measurement of metabolic complications {#s2-3}
--------------------------------------

The data on patients' weights, heights and blood pressures were obtained from their medical records. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m^2^). Fasting plasma glucose (FPG), total cholesterol, low density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and triglyceride (TG) values were obtained from medical records. The data from blood samples following a minimum 10-hour fast collected within 30 days prior to or after abdominal CT scans were collected. Laboratory values were measured enzymatically using the cobas 6000 analyzer (Roche Diagnostics, Mannheim, Germany).

Metabolic complications in study participants were identified based on International Diabetes Federation (IDF) criteria[@R15] and included: systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥85 mm Hg or treatment of previously diagnosed hypertension, FPG ≥100 mg/dL or treatment of previously diagnosed type 2 diabetes, TG levels ≥150 mg/dL, and HDL-C levels \<40 mg/dL for men and \<50 mg/dL for women. Since the waist circumference data were not available in the medical record, metabolic syndrome (MES) was defined as having two or more previously mentioned metabolic abnormalities.

Statistical analysis {#s2-4}
--------------------

Statistical analyses were performed using PASW Statistics for Windows (IBM Corporation 2010, New York, USA). Independent sample t-tests and χ^2^ tests were used to analyse continuous and categorical variables, respectively, in order to examine differences in study population characteristics. Analysis of covariance was used to compare adiposity indices after adjusting for age between patients with or without metabolic complications.

A receiver-operating characteristics (ROC) analysis was performed, and the area under the curve (AUC) was analysed and presented along with 95% CIs in order to evaluate the utility of BMI, VAT, SAT and VSR as predictive markers for metabolic complications and its individual components, including hypertension, hyperglycaemia, high TG and low HDL-cholesterol levels. Cut-off values for VAT and VSR with maximised sensitivity and specificity were analysed using MedCalc software V.18.11 (MedCalc Software Bvba, Ostend, Belgium). The cut-off value data were stratified by age and sex. The sensitivity and specificity of each cut-off was determined using the Youden's Index. A value of p\<0.05 was considered to be statistically significant.

Patient and public involvement {#s2-5}
------------------------------

This research was done without patient involvement. Patients were not invited to comment on the study design and were not consulted to develop patient relevant outcomes or interpret the results. Patients were not invited to contribute to the writing or editing of this document for readability or accuracy.

Results {#s3}
=======

Subject characteristics {#s3-1}
-----------------------

A total of 369 from an initial study population of 4177 subjects were included in the final analysis. [Figure 1](#F1){ref-type="fig"} describes the inclusion and exclusion criteria used to select the study subjects.

![Data collection and management.](bmjopen-2019-031181f01){#F1}

[Table 1](#T1){ref-type="table"} shows selected subjects characteristics stratified by sex. The mean age was 51.2±14.8 years for women and 52.8±15.6 years for men. More than half of the women (52.1%) were over 50 years of age and 42.4% of the men were over 50 years of age. [Figure 2](#F2){ref-type="fig"} shows the distribution of the VAT, SAT and VSR by age group and sex. VAT values increased with age for both men and women, and remained constant after 50s. Mean BMI was 32.3±8.5 kg/m^2^ in women and 28.6±6.9 kg/m^2^ in men. A relatively low proportion of subjects were ever-smokers (0.5% in women vs 22.9% in men) or reported drinking alcohol (2.3% in men only). More than 40% of all subjects had a history of hypertension. Diabetes was reported in 39.6% of women and 32.8% of men. The prevalence of MES excluding waist circumference measures was 73.4% in women and 78.5% in men.

###### 

Baseline characteristics of the subjects

                                          Female (N=192)   Male (N=177)
  --------------------------------------- ---------------- --------------
  Age (years)                             51.2±14.8        52.8±15.6
  Age \>50 years old, N (%)               92 (47.9)        102 (57.6)
  BMI (kg/m^2^)                           32.3±8.5         28.6±6.9
  BMI ≥30 kg/m^2^, N (%)                  110 (57.9)       55 (31.8)
  Ever-smoker, N (%)                      1 (0.5)          40 (22.9)
  Alcohol drinking, N (%)                 0 (0)            4 (2.3)
  Diagnosed as hypertensive, N (%)        80 (41.7)        72 (40.7)
  Diagnosed as diabetic, N (%)            76 (39.6)        58 (32.8)
  The UAE nationals, N (%)                177 (92.2)       163 (92.1)
  Systolic BP (mm Hg)                     130.0±19.8       134.6±20.4
  Diastolic BP (mm Hg)                    69.9±9.6         73.9±10.7
  FPG (mg/dL)                             131.8±60.9       129.2±48.5
  Total cholesterol (mg/dL)               176.0±44.5       160.4±48.7
  TG (mg/dL)                              132.9±80.4       124.9±77.6
  HDL-C (mg/dL)                           45.7±15.8        39.8±13.6
  LDL-C (mg/dL)                           105.9±38.5       94.7±40.6
  MES except waist circumference, N (%)   141 (73.4)       139 (78.5)

Expressed as mean±SD or N (%).

BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; MES, metabolic syndrome; TG, triglyceride; UAE, United Arab Emirates.

![Quartiles of visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT) and visceral-to-subcutaneous fat ratios (VSRs) according to age group and sex (empty columns, women; hatched columns, men). (A) VAT. (B) SAT. (C) VSR.](bmjopen-2019-031181f02){#F2}

[Online supplementary figures](#SP1){ref-type="supplementary-material"} show quartiles of VAT, SAT and VSR according to age group and sex among subjects with adequate region of interest for abdominal adipose area (empty columns, women; hatched columns, men).

Metabolic complications and adipose tissue areas {#s3-2}
------------------------------------------------

[Table 2](#T2){ref-type="table"} displayed data that compared the metabolic complications and adipose tissue areas in subjects with and without MES stratified by sex. The MES group had a higher age compared with the non-MES group irrespective of sex. Mean BMI was similar among the two groups for both women and men. High FPG or use of diabetes medication were the most common metabolic complications in both men and women with MES. High TG levels were the least common among all study subjects. In more than half of women, the skin surface exceeded the CT image field of view and the SAT area was underestimated, but the overall prevalence was similar among subjects with or without MES.

###### 

Comparison of the metabolic complications and adipose tissue areas between subjects with and without MES except waist circumference

                                                   Female (N=192)   Male (N=177)                                       
  ------------------------------------------------ ---------------- -------------- --------- ------------ ------------ ---------
  Age (years)                                      42.9±12.9        54.2±14.4      \<0.001   44.3±17.5    55.2±14.2    \<0.001
  BMI (kg/m^2^)                                    30.9±8.9         32.8±8.3       0.178     27.6±8.2     28.9±6.5     0.328
  BP ≥130/85 mm Hg or medication                   9 (17.6)         98 (69.5)      \<0.001   5 (13.2)     106 (76.3)   \<0.001
  High FPG, N (%)                                  11 (21.6)        129 (91.5)     \<0.001   11 (28.9)    127 (91.4)   \<0.001
  High TG, N (%)                                   1 (2.0)          57 (40.4)      \<0.001   3 (7.9)      45 (32.4)    0.003
  Low HDL-C, N (%)                                 12 (23.5)        108 (76.6)     \<0.001   5 (13.2)     90 (64.7)    \<0.001
  Greater SAT area than the field of view, N (%)   27 (52.9)        72 (51.1)      0.818     8 (21.1)     17 (12.2)    0.166
  VAT (cm^2^)\*                                    129.3±9.2        153.2±5.4      0.029     118.9±11.5   167.6±5.9    \<0.001
  SAT (cm^2^)\*                                    313.3±19.3       345.9±11.3     0.155     227.1±25.0   255.8±12.7   0.315
  VSR\*                                            0.443±0.0        0.485±0.0      0.249     0.622±0.1    0.768±0.0    0.027

\*Means±SE are adjusted for age in same-gender group.

BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; SAT, subcutaneous adipose tissue; TG, triglyceride; VAT, visceral adipose tissue; VSR, visceral-to-subcutaneous fat ratio.

VAT areas adjusted for age were significantly greater in the MES group compared with the non-MES group regardless of sex (p\<0.05 for all relations). However, SAT areas adjusted for age were not different between the MES group and the non-MES group in both women and men. VSRs adjusted for age were significantly greater in the MES group compared with the non-MES group only among men (p=0.249 in women; p=0.027 in men).

ROC analysis and threshold values of VAT and VSR using markers of metabolic complications {#s3-3}
-----------------------------------------------------------------------------------------

To evaluate the usefulness of BMI, VAT, SAT and VSR as predictive markers of metabolic complications, ROC curves were used to calculate the AUC for these variables ([table 3](#T3){ref-type="table"}). The AUCs that predicted MES were statistically significant for VAT and VSR for both men and women. The AUCs of BMI and SAT were not statistically significant. These data suggest that the VAT or VSR were better than BMI or SAT in discriminating subjects at risk of MES. Overall, AUC values were greater in men than in women for VAT, SAT and VSR. The AUCs to predict high BP and high FPG were statistically significant for VAT and VSR but not for SAT among men and women. AUCs used to identify high TG or low HDL-C were not significant for any adipose tissue parameters in men. In women, AUCs used to identify high TG or low HDL-C were significant only for VSR (high TG) and VAT (low HDL-C). When subjects with abdominal adipose areas greater than the field of view were excluded prior to ROC analysis, there were small changes in overall AUC values without any change in statistical significance ([online supplementary table A](#SP2){ref-type="supplementary-material"}).

###### 

Areas under the ROC curve of the VAT, SAT and VSR to identify the metabolic complications

                                   Female (N=192)   Male (N=177)                                      
  -------------------------------- ---------------- -------------- ---------------- ------- --------- ----------------
  MES except waist circumference                                                                      
   BMI                             0.566            0.165          0.472 to 0.660   0.608   0.045     0.498 to 0.718
   VAT                             0.706            \<0.001        0.624 to 0.788   0.742   \<0.001   0.651 to 0.834
   SAT                             0.531            0.508          0.438 to 0.625   0.593   0.083     0.481 to 0.705
   VSR                             0.685            \<0.001        0.602 to 0.769   0.695   \<0.001   0.598 to 0.792
  High BP                                                                                             
   BMI                             0.511            0.790          0.429 to 0.594   0.599   0.030     0.513 to 0.685
   VAT                             0.702            \<0.001        0.628 to 0.776   0.710   \<0.001   0.630 to 0.791
   SAT                             0.472            0.501          0.389 to 0.554   0.585   0.061     0.496 to 0.674
   VSR                             0.732            \<0.001        0.661 to 0.803   0.628   0.005     0.542 to 0.715
  High FPG                                                                                            
   BMI                             0.558            0.217          0.461 to 0.655   0.574   0.160     0.466 to 0.682
   VAT                             0.691            \<0.001        0.609 to 0.774   0.743   \<0.001   0.654 to 0.832
   SAT                             0.524            0.605          0.430 to 0.618   0.561   0.247     0.448 to 0.674
   VSR                             0.675            \<0.001        0.593 to 0.758   0.710   \<0.001   0.609 to 0.810
  High TG                                                                                             
   BMI                             0.498            0.963          0.411 to 0.585   0.566   0.185     0.471 to 0.661
   VAT                             0.573            0.107          0.484 to 0.662   0.562   0.210     0.469 to 0.656
   SAT                             0.452            0.299          0.368 to 0.537   0.582   0.098     0.489 to 0.675
   VSR                             0.606            0.020          0.519 to 0.692   0.495   0.923     0.399 to 0.591
  Low HDL-C                                                                                           
   BMI                             0.567            0.123          0.481 to 0.653   0.541   0.350     0.453 to 0.629
   VAT                             0.609            0.011          0.527 to 0.692   0.552   0.242     0.465 to 0.639
   SAT                             0.549            0.264          0.462 to 0.635   0.508   0.862     0.420 to 0.596
   VSR                             0.570            0.105          0.485 to 0.655   0.552   0.236     0.465 to 0.640

AUC, area under the curve; BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; ROC, receiver-operating characteristics; SAT, subcutaneous adipose tissue; TG, triglyceride; VAT, visceral adipose tissue; VSR, visceral-to-subcutaneous fat ratio.

[Online supplementary table A](#SP2){ref-type="supplementary-material"} shows areas under the ROC curve for VAT, SAT and VSR used to identify metabolic complications among subjects with adequate abdominal adipose area regions of interest.

In [table 4](#T4){ref-type="table"}, threshold values of adipose tissue areas were obtained to predict MES after dividing subjects into two groups based on their age, since VAT values increased with age for those under 50 years of age and remained constant thereafter. The cut-off value of VAT was 132.0 cm^2^ in men or women under 50 years of age, and thus we assumed that if VAT was greater than 132.0 cm^2^, study subjects were more likely to have MES. For subjects in the over 50 years of age group, the VAT threshold was greater in women compared with men (173 cm^2^, p=0.313 vs 124.3 cm^2^, p=0.017), suggesting that in old age women may develop MES with greater VAT values compared with men. The cut-off values for VSR in patients under 50 years of age were 0.293 (p\<0.01) in women and 0.424 (p\<0.01) in men. However, after 50 years of age the threshold values were increased to 0.647 (p=0.422) and 0.693 (p=0.165) in women and men, respectively. The sensitivity of VSR was 37.2% and thus may have limited utility in identifying metabolic complications in women over 50 years of age. When we excluded subjects with abdominal adipose areas greater than the field of view and performed ROC analyses, the cut-off values of VAT used to predict MES decreased for subjects under 50 years of age ([online supplementary table B](#SP2){ref-type="supplementary-material"}).

###### 

The cut-off values for VAT and VSR to identify MES by gender and age subgroup

                    Female (N=192)   Male (N=177)                                          
  ----------------- ---------------- -------------- ------ --------- ------- ------ ------ ---------
  VAT                                                                                      
   Age ≤50 years    132.0            54.0           86.5   \<0.001   132.0   74.0   76.0   \<0.001
   Age \>50 years   173.0            51.3           78.6   0.313     124.3   78.7   61.5   0.017
  VSR                                                                                      
   Age ≤50 years    0.293            68.3           64.9   0.006     0.424   78     56     0.003
   Age \>50 years   0.647            37.2           85.7   0.422     0.693   59.6   69.2   0.165

MES, metabolic syndrome; VAT, visceral adipose tissue; VSR, visceral to subcutaneous fat ratio.

[Online supplementary table B](#SP2){ref-type="supplementary-material"} shows cut-off values for VAT and VSR used to identify MES stratified by sex and age among subjects with adequate abdominal adipose area regions of interest.

Discussion {#s4}
==========

The results of this study showed that the cut-off value of VAT to predict MES was 132 cm^2^ for individuals under 50 years of age living in the UAE. Furthermore, we found that older age had different effects on the threshold values of VAT and VSR for women compared with men. Definitive cut-off values for VSR are difficult to establish in obese patients with variability in SAT measures as was seen in this study population.

Our thresholds for VAT in subjects under 50 years of age were within the range of those identified in previous studies of various ethnic populations. Katzmarzyk *et al*[@R5] identified a threshold of 140 cm^2^ as a marker for cardiometabolic risk in a sample of white men and women. Lee *et al*[@R9] proposed cut-off values for identifying MES risk as 134 cm^2^ and 91 cm^2^ for Korean adult men and women, respectively. In a study of Japanese adult men and women, the optimal cut-off points for VAT identifying MES was 132 cm^2^ and 91 cm^2^,^[@R16]^, respectively. Similarly, in a 4-year follow-up study among middle-aged Turkish patients, a VAT of 130 cm^2^ was determined to be the optimal cut-off value to predict occurrence of diabetes or coronary heart disease.[@R7] The small differences in threshold values in these studies were likely due to differences in measurement protocols for VAT, variables used to assess metabolic risks or analytical approaches used to determine the thresholds. These studies further corroborate the idea that critical thresholds for VAT may be present despite individual and ethnic variation.[@R4]

MES is prevalent among Emirati adults with a previous study finding that more than 40% of overweight or obese adults between 18 and 50 years old had MES.[@R17] Similarly, the prevalence of MES was also found to be high among obese people (34.5%) of younger age.[@R18] In this study, more than 70% of subjects had metabolic complications, and many of these patients were likely to have insulin resistance since they had high BMI and high prevalence of hypertension or diabetes. It is notable that the VAT threshold from our study was comparable to that obtained from studies examining study populations of different ethnicities. It is well known that the metabolic profiles of patients with visceral obesity may substantially improve after only modest amounts weight loss.[@R4] VAT thresholds identified in populations already experiencing metabolic complications may provide goals that could be used to reduce those complications. Using these VAT thresholds, we expect that individuals living in the UAE working to reduce their respective VAT values below the thresholds could reduce their metabolic complications.

In contrast to previous studies, the mean SAT areas of our study subjects with or without MES were higher[@R5] and, therefore, VSR values were smaller than those obtained in previous studies.[@R20] Interestingly, VSR of our subjects, like VAT, was able to predict high BP and high FPG. A recent study showed that VSR had a better performance of predicting incident or recurrent cardiovascular disease than BMI or VAT among patients with type 2 diabetes.[@R22] Although we could not establish common thresholds for VSR in our subjects, VSR may be a useful indicator associated with metabolic abnormalities in population with abundant abdominal fat as well as in lean populations. Further studies examining more diverse populations with metabolic risk factors and adipose tissue distributions should be conducted to establish the pathophysiological role of adipose tissue characteristics.[@R23]

Several studies have reported that VAT thresholds for metabolic complications vary with age.[@R8] In the current study, women over 50 years of age had a greater VAT threshold (173 cm^2^) compared with men of the same age (124.3 cm^2^) or younger individuals. It is unclear whether this difference is age dependent or if the relationship of VAT to metabolic complications is more prominent in older women. In the UK Biobank study, over 500 000 participants aged 40--69 years were recruited to assess the relationship between central adiposity measures and risk of myocardial infarction and it was found that risk varied in a sex-dependent manner.[@R24] It is well known that adipose tissue distribution markedly differs between men and women. Recent evidence showed that sex-specific differences are a result of differential gene expression patterns in VAT and SAT, and these changes go beyond the differences in size of anatomic depot.[@R25] The interactions of adipose tissue, sex and ageing have not been investigated in detail and this area warrants further study.

To the best of our knowledge, this is the first study to investigate VAT thresholds for metabolic complications related to obesity in a UAE-derived study population. We reviewed medical records of all patients who underwent abdominal CT scans across a 2-year study period and excluded cases with underlying factors that could affect visceral fat. Participants were limited to people with UAE nationality or those who were ethnically from the Middle East. However, our study also has limitations. First, the participants were recruited from a single medical centre in the UAE, thereby limiting the broad generalisability of our findings to other study populations. Nevertheless, the VAT threshold values presented in this study were not different from that of previously reported studies. Second, more than half of the women in our study had greater SAT areas than the CT imaging field of view. However, if we include only women with an appropriate region of interest in the analysis, the results cannot be used to represent women with increased SAT in this study population. Third, because information on the medical history was identified by retrospective chart reviews, potential misclassification biases may exist. Lastly, waist circumference, an important marker for abdominal obesity, was not measured in this study since it was not available in the medical record. It is possible that the prevalence of metabolic complications were overestimated since we applied IDF criteria of MES and excluded waist circumference measures.

In summary, this study provided a CT-defined VAT threshold for populations that experienced metabolic complications, including diabetes and MES. Our findings could be used to suggest a target value for visceral fat in order to reduce obesity-related complications. Future studies are needed to determine the target value for waist circumference and other methods of measuring VAT, since application of CT for measuring VAT is limited in the clinical setting.
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